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WfSSB^SBBSSWWSt A METHOD OF MANUFACTURING AIT ARTIFICIAL 
CASING AND AN ARTIFICIAL CASING PRODUCT 

The invention relates to a method of manufacturing a 
fibrous cellulose casing and a casing manufactured by this 
method . 

pptWIHll Generally, artificial cellulose casings, 
which are alternatively deooribod ao fibrous cellulose casings— 
or oimply ao fibre - i^lllflfg reinforced casings , ot ootora, are 
manufactured from a long fibre paper baoc and regenerated 
cellulose from vioooso, that io the soluble oodium oolluloac 
xanthato derivative of ccllulooc. Before oubjecting the paper 
baoo to thio viscose treatment, or impregnation, it io first wot 

^|e;ipii^^piistrengthened by the paper manufacturer, also using 
^(IIXMI^I regenerated ccllulooc from viscose- or alternatively 
using other wet strengthening materials such as polyamide 
epihalohydrin resins, polyvinyl alcohol, hydroxyethyl cellulose- 
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||If| various synthetically produced latioco, et cetera , 
either uood singly or 20 in combination one with another-; — #ea? 
example combining regenerated cellulose from viooooc and a 
polyamido epiohlorohydrin rooin ouch ao Kymone (Kymone io a 
rcgiotcred trademark of the Herculoo Company of the USA) , — ea? 
uaing mixturco of those . The chief reason for conferring this 
wet strength on the part of the paper manufacturer is to enable 
the paper to retain its integrity and withstand the subsequent 
heavy impregnation with the strongly alkaline viscose , which is 
applied by the casing manufacturer, and the subsequent strongly 
acidic cellulose coagulation and regeneration stage , when ||| 
pfticH the casing is made. 

And whereao the paper manufacturer may apply 

only one to six percent regenerated cellulose from viscose and/or 
other wet-strengthening resins calculated on the basis of total 
fibre HHH weight T to provide the necessary wet strength, the 
casing manufacturer usually applies a quantity of viscose of two 
to three times the total weight of the paper to construct the 
casing. In the case of the paper, which may weigh 21 g/m2 in 
total, only 0,21 to 1,2 6 g/m2 would therefore comprioc 
regenerated oellulooc from visooao, and the reot fibre, — #e*? 
example, whilot !oF[:l^ 

IHII^I the casing manufacturer would add a further $i?f &t|pj^^ 
42 to 63 g/m2 regenerated cellulose from viscose in making 
the casing e#| ! |^^ total cellulose weight 63 to 84 
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g/m 2 . In tho oommoroial oituation thio fibro - f iBei?^ reinforced 
cellulose |>i|ptl4 would be |^ipf|^li^ prepared or 

plasticized with a quantity of 20 to 25 percent glycerol and 
moisturized with 5 to 10 percent water, to prevent it drying out 
and becoming brittle prior to use, an overall basis 

weight in tho example given of between 78,8 and 119 g/m 2 . 

It is aloo worth pointing out that tho |f|| process for 
making the paper and the process for making the casing are very 
different in a number of other important wayo, — for example, — ±rt 
tormo offlfS wet-strength to the paper- 

thio is a relatively easy and inexpensive stage for the paper 
manufacturer, which can §pppi$i be carried on in-line with paper - 
making , butp^^ totally impracticable 
and prohibitively expensive for the casing manufacturer who 
requires the paper fully wet-strengthened from the outset 0#:;:iH^ 

The fibre furnioh £Ib§i of the paper substrate used to 
make fibrous casing is usually a carefully selected choice of 
abaca f ibroo also known as manila hemp f ibroo flb|ir|, 

grown in either the Phillipinoa or Ecuador, which are 

subjected to a chemical pulping treatment to remove 
nonccllulooio i^i^i^l^iilffic material and to soften the f ibroo 
111111 for paper-making. A pa** j^tfloN of this fibre §|§1§ may 
be provided by alternative plant fibre iip&tf such as sisal, jute, 
or wood pulp, etc., but not without affecting the casing strength 
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characteristics, usually in a negative way. Papers so prepared, 
of basis weight between 17 and 28 g/m 2 , are well known in the art 
for manufacturing fibrous cellulose casings, in the range of size 
typically from 32 to ±6& mm in diameter, or even larger, and 

usually the basis weight of the paper is increasedj'^^^^i^^lij^l 
from 17 to 19 g/m 2 , 19 to 21 g/m 2 , §§§1§| 21 to 23 g/m 2 , and 

so on in stages, as diameter increases and the need for greater 
strength increases , thatT : '; : ;f^^ is , oinco the weight of 

the sausage product increases exponentially as a function of a 
squaring of the radius of the sausage. 

The casing manufacturer's process usually involves 
unwinding the paper, supplied in rolls by the paper manufacturer, 
from an unwind stand, by drawing and forming the paper into the 
shape of a tube with overlapping margins T ^fj^^ 

continuously about its longitudinal axis- by bending actions with 
the assistance of metal guides, aftd §h;Mi sticking the margins 
together using viscose juot ahead of the fuller 
|^1p£^impregnation with %he bulk viscose which makes up the 
reinforced cellulose wall of the casing. 

The composition of thio aqueous viscose solution 

may vary but an ^&££g&^ example e#| 7 to 8 

weight percent (wt-%) cellulose, as sodium 
cellulose xanthate of 30 to 33% xanthate sulphur, 4 to 5 wt - %| | 
^e^e^ttt {Wt^^ sodium hydroxide and root water, with a ball-fall 
viscosity of 50 to 70 seconds (130 mg steel ball of 3,175 mm 
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diameter over a distance of 20 cm) and a; ^;Hfo Hottenroth ripening 
(salt) index of 4 to 5 at a temperature of 25 to 30 degrees 
Celsius may be regarded typical. 

Once impregnated, the ocllulooo of the viscose is 
coagulated and regenerated into cellulose by passing the 
impregnated tube through a oulphurio acid and salt bath, 

usually containing ammonium and sodium sulphate mixtures, 
followed by various acid and water wash baths to complete the 
regeneration and remove all remaining sulphur from the viscose. 
Acid strength may vary fet*fc ft6m 40 to 60 g/ liter g/1 and a salt 
strength between 180 and 260 g/1 with roooct ^fpp^d^ to sodium 
sulphate and between 10 and 50 g/1 with respect to ammonium 
sulphate may be regarded typical. Before drying this fibre 
gfb^-reinforced tube it is usually passed through a bath 
containing a dilute aqueous glycerol solution, of 10 *e|20 
percent strength, to act as a plasticizer for the cellulose. 
Drying is pt^f^t^hiy^ conducted preferably &3^^^ in an 

inflated condition , and tonoion,; I^^ftiIoij| throughout the casing 
machine— is maintained such that the diameter of the casing at 
the outset, that is the diameter provided by the original width 
of paper in the roll, less that used for overlapping, is 
reproduced as far as possible in the finished casing tube. 

The viooooo ^flddis impregnation may be effected by 
pouring the viscose onto the outer surface of the paper 
substrate, well ahead of the acid bath, in order to ensure §I|§ 
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the paper is thoroughly impregnated prior to regeneration of the 
cellulose with acid , or a 1 1 cr na t i vo ly the paper- 
impregnation stage may be offootod from a 
specially constructed viscose die, wherein the viscose is 
presented under pressure, through the lips of the die, directly 
onto the outer surface of the paper base, or substrate , whilot 

temporarily supported during transit across 
the oo ^M-W^i lips- by a metal ring or cylinder, the gap between 
ring and die being such as to allow the paper to pass unimpeded, 
but not of such a width as to fully dissipate the pressure of the 
viscose before impregnating the paper , thio impregnation being; i-j 
|tj^ M completed by continuing the paooagc of 

paper between ill die and i supporting ring for some distance 
within fixed gap dimensions, and thereafter jpssl^^ 
some distance unsupported free through air before entering the 
acid coagulation and regeneration bath. 

In the prior art and particularly the prior art inoofar 
ao that which pro - datoo the original opooif ioation of the 
application in the prooont family of opooif ioations, firot filed 
in December 1080, the rcaulto of ouch impregnations arc 
invariably very two - oidcd 

ffillltE^ owing to the 

resistance to penetration of papers of 17 g/m 2 and greater , tho | 
greater the jl§ll weight usually the '^^f^f^^ greater the 

J:\MISC-DR.30\2001.APX 6 



PATENT 
501427-2001 

resistance , and tho greater tho two - sidcdnooo to vioooooo, which , 
at low velocity, arc oharaotcriacd by relatively high oolution 
viscosity . 

In still another variant, viscose may be supplied to 
both sides of the paper simultaneously in order to effect a so- 
called double-viscose -coating , to ononro ^^^^^^^^l^^^ the 
paper roinf oroomont is disposed ao far ao possible within, — and 
properly covered by viscose— prior to coagulation and 
regeneration of %he cellulose. 

Cellulosic tubings produced in these various ways are 
tough and strong and have low stretch characteristics . For these 
reasons they may be used as containers- or casings^ for sausages, 
meats, or other articles of food, particularly in applications 
where size, in terms of diameter control, is a critical 
parameter, and where | highly mechanized sausage stuffing plant 
places high demands for consistency of performance, and 
strength with toughness is at a premium. 

Bcoauoo of ever greater domando of packaging machinery 
with higher through - put ratco, and in tho case of bliotcr - 
packaged goods, tighter oigo control of oauoage diameters to moot 
minimum weight criteria, that is to contain ao - oallod give - away 
meat lcvolo; or alternatively tho exact siac requirements of 
subsequent vacuum - packaging equipment, whore a chub of product 
will be oubjoot to maximum length and diameter toloranooo in 
order to fit pro - oigod cartons, or other containers for 
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distribution and retailing. Whilat piMp exact size is achieved 
from a fibrous casing exhibiting low stretch, this also means 
that for differences in sausage diameter of only a few 
millimeters, another size of viscose die has to be used , with all 
that thio ontailo in tcrmo of|^|fcro^eft^pis |MdItidgl §6i^|g3f 
Hi§ separate inventorying on the part of the paper supplier, the 
casing manufacturer and the sausage maker , etc 

In parallel with the development of ever more demanding 
packaging equipment in the technologically more advanced 
countries, which in turn p^^^^lJSf^Wj^p has placed ever 
greater demands on the casing producer to make tougher, stronger 
and more-size consistent oaaingo, ^Pi||ill|:which demands have been 
met by the fibrous cellulose casing manuf aoturcro |p&tt^^ 
collagen and cellophane casings, or pure cellulose W^^^^ 
unreinforced by a fibrous substrate— have been developed for less 
critical market areas where exact size , linked to high through - 
put rate of product baaed on highly mechanised otuffing 
equipment , is not the first or most important selection 
criterion, but rather flexibility of use and unit cost , have been 
more important considerations. 

In thio way it can be imagined that these parallel 
P^ii developments have been divergent rather than convergent, 
which is to say a gap ppiii between the two wao inoreaoing 
where, for ^^^^^^^^^^f^^^^f example, a highly 
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flexible casing fettt of consistent though by no means exceptional 
strength wae required for mechanized stuffing machinery- 

fettfe without subsequent packaging equipment also demanding exact 
size. In this example collagen §|S:l;ttg would have provided the 
right price level but would not have provided the strength and 
associated low produot breakage rate characteristic of a 

fibrous casing, and the fibrous casing would be considered over- 
engineered and too costly. — 

In recent years this gap hao boon filled with what may 
be regarded a hybrid which sought to combine something of the 
consistency of properties of the fibrous oaoing but with the 
elasticity equal to if not superior than that of collagen, whilst 
being price competitive* The first patent application in which 
exceptional elasticity was combined with low cost in a fibrous 
casing, was the specification previously referred to and filed ii * 
late 10 8 9. In this application abaca (manila) paper wct - 
strcngthcnod using regenerated cellulose from viscose, in a basi i 
weight of no more than 15 g/m2, and preferably 13 g/m2, was used 
as the long fibre reinforcement to produce a lightweight fibrous 
casing produot of exceptional elasticity properties combined with 
an exceptional strength to weight ratio, possessing an 
exceptionally smooth inner surface which, when combined with the 
casing's lighter weight, provided a means also for significantly 
reducing salami processing times as an added benefit, — that is 
from say five weeks to four weeks compared to prior art fibre - 
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reinforced casings* — In the prooont application which may be 
regarded a continuation application of thio firot one in the 
oonoc that it socks to achieve the same collection of unique 
proportioo, principally combining high olaotioity at a good 
weight to otrongth ratio in an overall lightweight construction, 
which will otill allow it to compete in market areas prior to 
10 8 0 ooocntially unavailable to the fibrouo cellulose casing , but 
more traditionally ocrved by collagen or pure cellulose oaoingo, 
the problem has been to use an alternative paper base which doeo 
not rely only on viscose, to provide the initial wet strength by 
the paper manufacturer for subsequent visoosing opcrationo by the 
casing manufacturer , but which instead relieo on alternative wot - 
strengthcning systems not incorporating viscose. Now / as will be 
apparent from a study of the prior art before 10 8 0 insofar as 
commercially viable fibrouo casing manufacture is concerned, the 
problems quite often were related to 

IPPS^ improving the wet strength 

or reducing the variability of strength of paper substrates 

i 

typically of the order of 20 to 23 g/m 2 , in order || that I more 
consistent casing size or strength could be achieved. The use of 
polyamide-epihalohydrin resin and cationic polyethylene imine 
resin to provide an improvement in the alkaline wet tensile paper 
properties, in the UC patent No| 4,222,821 is one 

such example. 
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This application docs not relate to tho manufacture of 
fibrouo ocllulooo tubingo ao ouch but rather to the manufacture 
of a paper oubotrate of improved performance for oubocquent 
oonvoroion into fibrous casing. Another example io US Patent No. 
IllllS , 433 , 633 which seeks to improve 

the quality of the viscose-bonded or wet-strengthened manila hemp 
paper substrate— for subsequent fibrous cellulose casing 
manufacture-r by using cellulose derivatives of high viscosity to 
provide stronger casings. The implication according to U S i^SII^ 
Patent Specification 3,433,633 is clearly that the existing 22,7 
:2£*7l g/m 2 substrates lack sufficient strength! and therefore 
teach away from the use of lower substrate paper basis weights. 
Since 10 8 9, oignif ioantly , pii^ir:^ 

patent specifications have appeared 
which chart the progress of applying alternative jpc$^ 
wet strengthening systems^ other than those based on viscose— to 
treat the fibrous casing abaca fibre paper substrate, that io, 
using a variety of resin|based systems. 

US '3S V : ^ 5,063,104 filed early in 1990 is one ouch £ft 
example which also high - lighto i^p^|if^ how paper physical 
properties 6F : |^^Sti may be affected in a dramatic or significant 
manner depending upon what wet strengthening binder or bonding 
method is substituted for viscose. One property which is 
affected significantly, and adversely so, insofar ao tho 
requirements of the present applicants ' original specification of 
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tho proocnt application io oonoornod, 

1111^ is paper stretch or 

elongation. Reductions of up §i 20 to 50 percent for wet 
elongation from the lovolo obtained for viscose bonding of the 
paper wore obtained in US 5,0 6 3,10 4 , and f ibrouo^ ^^^^p^a^^^j 

casing elongation is very much dependent 
on the substrate paper's elongation. 

The proocnt application describes a method to overcome 
tho problomo aooociatod with reduced paper otrotch which ariooo 
from tho paper manufacturing process and prooooo ohomiotry, that v 
is inoofar ao the paper io treated, — in order to make it otrong 
and resistant to alkalis and acids in the wot otate, for the 
casing manufacturer's purposes, — as oppoocd to problems of oay a 



J 



self - inflicted nature on tho part of tho casing manufacturer. Now 
if* 1H order to make fibrous casings of ever-increasing diameter 
wo have soon in tho art prior to 10 8 0 that tho requirement for 
^Jplpif greater strength was mot by| § the use of ever- 
increasing substrate paper basis weights and/or -^y the use of 
strength adjucto l^^icfl to complement that offered by the 
viscose bond alone, for iipiii casings| typically using 
SiPP^KSl^i P a P er weights of 17 g/m 2 and greater, 

whilst exceptionally the original specification presented paper 
substrates of 13 to 15 g/m2 to make a range of light - weight 
casings from 32 mm diameter up to 105 mm and indeed succeeded in 
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oxtonding tho oiao to inoludo oaoingo with diamotoro up to 1 6 5 
mnu In rovcroing thio $f$I^^ trend of using 

heavier weight paper to make wider diameter casings , that io 
reducing papor baoio weight whiot reducing oaoing diameter, |||^ 

|flf% -'3^^; : ;^j&i^^ a limit is approached by virtue of the 

fact that a certain minimum paper strength in both dry and wet 
states is required in order |§| that the paper will withstand draw 
tension oo that it may bo || unwound from its roll 

^ii^^piyea^T^h)' , and thereafter possess sufficient wctstrcngth 
iSI*li^f following impregnation with the viscose of the casing 
manufacturer's process, so that it may successfully be converted 
into the casing product 

Following the impregnation, the substrate paper tube, 
now saturated with viscose, has minimum strength and spends much 
of its time during its subsequent passage through the casing 
manufacturing machine as a flattened tube ! tho: vvj"jfE<S greater the 
surface area of this tube over turn-over rolls, which are used in 
the machine to convey it, and not all of which are necessarily 
driven, the less strength is required to convoy it . These 

requirements for strength may be considered at variance: the 
larger tho oaoing tho caoior it can bo converted into caoing 
KfilS using lighter weight 

substrate paper , but performing looo robuotly by the sauoago - 
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maker, whilot tho narrower oaoing made with heavyweight papor 
poooooooo adequate otrength for the oaoing manufacturer # o 
purpoooo, but IllflS 

may provide more strength 
than is required of the sausage-maker and be considered over- 
engineered-; — aft §111 expensive alternative as a rooult . 

In order to obtain the desirable physical property mix 
of the subject oaoingo of to original specification ||§^&i|&f[ 
!^^ia|^^| using resin-bonded papers of inferior, that io, 
lower T wet extension or elongation properties compared to 
oubotratc paporo bonded with regenerated oellulooo provided by 
viooooo, that io to 
the viscose impregnation applied by the casing manuf acturery^ it 
fcae |f|f$ been found that substrate paper weights need to be 
reduced from 13 to 15 g/m 2 to preferably 10 to 12 g/m 2 ' ""^rtunotoiy 

thio development at tho oomo timo tokoo tho monufooturing prooooo for tho oaoin g into unohoptorod w o tor 

insofar as |$pp^^ 

i^^^^^^^^^ conventional viscose dies are uoually| engineered 
with robust and heavy papers in mind , whore moderate papor web 
tensions applied by drive rolloro exerted over distances of 
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several motors do not uoually oauoo excessive oo - oallcd "necking - 
in" of tho tube, thatfe;;q 

||||$^^ is brought about by a simultaneous extension 

of the tube in its longitudinal direction and a commensurate 
shrinkage in its transverse direction, which is to oay tubo 
^^^j^^HI diameters are roduood W^jf^^^^^ from those 
defined by the die size. And unlooo p^iip| steps aa?e taken to 
overcome this obstacle^ the whole process of reducing paper 
weight to obtain more casing trans-directional extension becomes 
self-defeating-rl In order to overcome these difficulties using 

viscose dies normally used and 
designed for muoh heavier paper substrates , of oay 21 g/m2 of tho 
prior art, — it is possible to olow down the wholo operation but 
thio approach io not always convenient, — and in certain oaoca may 
bo considered somewhat oolf - defeating. ^t;:?:i ; s v )t^^ 

The invention is now described in more detail with 
reference to the accompanying drawings in which: 

Figure 1 ohowo how the |%%y-':| -<fc >£*f ft :.\«oW^«t 1c 

tubing is manufactured 
by first forming the substrate paper into a tube and impregnating 
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it with viscose &£>&»^;£$ ahead of the acid coagulation and 
cellulose regeneration bath. 

Figure 2 ohowo the viscose die of Fig. 1 

enlarged* Figure |^^^Ster|^f^E|| 

§l|p 3 is a diagram showing the relationship between 
casing elasticity, paper weight and paper wet €B stretch of 
tbSIj^ known tubing p^^^p«f€ and tubing made according to this 
invention. 

Aooordinalv, for tho now generation of WBS^ 

P^gP^ilOtt I 1 ightweight 
fibrous casings constructed of abaca paper substrates suitably 
wet-strengthened using viscose, and 
subsequently viscosed a second time by the casing manufacturer, 
that is in the original opcoif ioation, a now arrangement of 
viooooo die pjtp^ 

has been developed for the 
purpose of |«i^iffpJii^ single-sided viscosing , which allowo 
oaoing machine opocds to bo increased over thooo operating for 
the casing cxampleo in the original specification, at today 'o 
commercial lovolo, employed for conventional fibrous casing 
linco, whilot at the aamc time providing a Pl^^ 

superior impregnation of viscose during 
the casing manufacturing stage, to cnourc IWilp"^ smooth surfaces 
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of both casing ||§§ inner and outer ijr$| surfaces is obtained, 
to render lillililili the need for double-sided viscosing 
unnecessary, or undesirable-; — in the case of those now generation 
light - weight casings* When used for the subject caoingo of the 
prcocnt application, thiof iSptl^ new arrangement of iHllli die 
seeks to minimise IftluiSli^^^ drag upon impregnating the paper 
matrix with viscose- and- during the subsequent crucial period 
before coagulation of the viscose and its regeneration into 
cellulose has been completed , to the extent of thereafter 
permitting ^^fif^^--^g^it the casing to be stretched but not 
irreversibly 



1881 |iif 
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lllllflll^ 

fllltK achieved by minimizing the vioooocd ||| 

PH^^HI^^i paper substrate-metal surface contact in the area of 
the die, and by judicious overfeeding of the paper to the inlet 
side of the die on the one a«d while at the same time 

carefully controlling the paper draw or tension on the 
impregnated web on the lead-out side of the die on the other, to 
minimize the longitudinal extension of the substrate paper and 
obtain the subject paper embedded within the casing in a non- 
extended fashion. This new arrangement of viscose die, designed 
expressly for the purpose of impregnating lightweight papers in 
the 10 to 15 g/m 2 range- at line speeds faster than those 
previously used for treating lightweight paper substrates, will 
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now be described with reference to Figure 1, against the 
background of those of the prior art which are regarded less than 
ideal for the subject casings. 

Paper, providing the casing substrate, is unwound from 
rolls delivered by the paper supplier in lengths of for example 
10,000 meters, that is from paper rolls of weights from about 10 
to 50 kg. With the assistance of paper unwind rolls, some of 
which are driven, the substrate paper is fed to the viscose die 
over metal guides at 7, — occ diagram, where it is formed into a 
tube— in such a manner as to keep the die overfed with paper. 
The dimensions of the die are regarded critical for the reasons 
previously indicated, that io fiT^ff since they impinge on paper 
extension properties which are affected by frictional forces, or 
drag, in the region of the die directly following viscose- 
impregnation, and an important objective of the present 
application is to reduce the effects of such frictional forces to 
a minimum. jfMany of the die arrangements described in the prior 
art appear without dimensions! except insofar as drawings of dies 
are presented but aotual^ ^^Mf^ dimensions are often absent| 

lift*" 

Aftd where actual dimensions have been given, most notably in 
connection with so-called double-sided viscosing methods, which 
are not directly relevant to the present application, the ranges 
have been so wide as to describe non-critical situations^-e^;;v^ 
|p$| Patent Application Nos| 2,105,273 and 2,144,900 which 
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appeared January Sth |, 1938 and January 2 4 th |f|, 1939 are good 
examples of the former which ||§ for many years undoubtedly 
represented the state of the art of viscose die technology and 
indeed of fibrous casing manufacture. Sizing the dies of these 
specifications from their drawings suggests ^a^lspe^t; they are of 
a low viscose pressure type since 

I&SW^ the gap between the ±±f>s of 

the die, corresponding to dimension 1 of tho dioo of the present 
specification would bo of the order of 2,5 to 3,0 
mm for a die to produce a 45 mm diameter casing. 

Compared to dica used for many years by tho present 
applioanto the die described in these j^|^^*J^ 

specifications would be regarded ||i of robust design and suited 
UIU^II^ to the requirements of substrate papers in the 

21 to 28 g/m 2 basis weight interval, which characterized fibrous 
casing manufacture in the era under review. Such dies would not 
be expected to give rise to good viscose penetration of the paper 
substrate, and so it is not surprising that subsequent 
improvements tended to focus on higher pressure die technology, 
using narrower gaps between the lips of the dies to increase 
viscose velocities, and increasingly to focus attention on 
double-sided viscosing as in, for example »6 3,709,720, 
where the two impregnations with viscose are conducted within a 
second or a fraction of a second of each other a«d where Kindl, 
its author, claims the apparatus such as that used in »S 
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2,105,273 for single-sided viscosing, required adequate time for 
the viscose to penetrate the paper properly before beginning the 
cellulose coagulation and regeneration stages under acid, 
otherwise the poor penetration would have resulted in casings 
being produced of inferior strength and poorer transparency than 
where effective saturation of the tube with viscose is first 
carried out. 

An objective of tho present invention hao been to 

retain fijplfpS the excellent viscose penetration properties 
offered by the higher pressure type of die, and thereby contain 
dpSptlill distances between die and coagulation baths to short 
distances of the order of ;(>|J: to «r& meters, but only by 

relying on the need for a single viscose impregnation in 

order to reduce drag between viscosed paper substrate/metal 
surface contact/viscose pressure forces in the area of the die 
involved with viscose penetration, that is at the lips of the die 
and directly following them. In order to reduce the effects of 
drag, paper lead-in and lead-out distances into and out of the 
area of viscose issue, from the lips of the die, have been kept 
small, and balanced with machine line speeds and paper basis 
weight, in an attempt also to achieve the best possible viscose 
penetration. Accordingly! based on a fixed gap through which the 
viscose passes of |||||! mm, dimension 1 in Figure 1, the gap 
between the lips of the die, both upwards and downwards in 
cylindrical disposition with the formed tube of paper and the 
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face of the supporting metal ring or cylinder, -^e^?*Sl, is fixed 
at G-r& ili to ^7-? W*¥< mm and preferably 0, 55 :i>V'S# to — 6^ 1111$ 
mm and regarded critical within the context of the other 
specified dimensions. This has been found suitable to 
accommodate the relatively narrow range of substrate paper 
thicknesses, in the range 50 to 80 \m #1, and generally thinner 
than those of the prior art for 17 to 28 g/m 2 substrates. 

It will be appreciated that the effects of frictional 
factors increase as basis weight decreases, whilst ^S|ii 
increased line speeds, which of necessity involve also increased 
draw or paper web tension, directly following viscose 
impregnation, since the draw is applied after the turn-over roll, 
-^a^ii in Figure 1, also increase the effects of friction. The 
paper lead-in distance;>)plfc£^ has accordingly 

been set at between 10 mm and 5 mm in one preferred arrangement 
of the dies of the present application , dimcnoion 3, Figure 1, 
depending on the basis weight of paper impregnated and the line 
speed used. With reasonable line speed running, viscose flow 
from the point of issue from the lips of the extrusion die, is 
predominantly downward with the paper- making a seal backwards 
from the die upper lip s a^S| between paper ^fe^^ and paper 
support -^e^il with viscose. Similarly! on the lead-out side of 
the die, the lip width, dimension 2 in Figure 1, of the present 
application, should be between 10 mm and 2 mm in conjunction with 
a paper support ring, -^-e^lil in Figure 1, of 10 to 25 mm in 
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length, supporting the paper on its approach to the area of 
influence of the die's upper lip and extending to a distance 
horizontal *§§ 1-2 nan with the lower end of the lower lip in order 
to contain frictional effects, the combined result of papor 
viooooo/motal contact-surface interactions 

which in turn interact with line speed and paper tension effects. 

Despite the reduced metal surface contact of the lower 
lips of these new die arrangements and also of the metal ring 
paper support element, herein described, together with relatively 
short distances for the impregnated web to travel before entering 
the acid bath, but conducted at acceptably high speeds from the 
commercial standpoint as indicated elsewhere, no loss of quality 
is observed for the subject fibre reinforced casings either 

in terms of transparency, strength properties or otherwise. 
Indeed, rather the converse can be claimed and casings result 
which possess exceptionally good transparency, exceptionally high 
weight to strength ratios, and where there exists good evidence 
by way of Bendtsen smoothness measurements to suggest the 
physical property mix of the subject casings are of a superior 
order. So specified the die may be used to advantage to produce 
the subject casings in the paper basis weight interval from 15 
dewft to 10 g/m 2 and whilot ||||| the longer metal-surface 
traverse, denoted as dimensions 2 and 3 in Figure 1, of 
respectively 10 and 10 mm at one end of the range, may be 
regarded as appropriate for the impregnating of 12 to 15 g/^^fp 
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substrates at line speeds of up to 10 meters/minute, the shorter 
metal-surface traverse of 6 and 2 mm is regarded more appropriate 
for the impregnating of 10 to 13 g/m 2 substrates at line speeds 
of 10 meters per minute and greater. 

The benefit of these new die arrangements then, as will 
be shown shortly by way of examples, is to obtain similar casing 
tube extension properties from paper substrates^ which rely more 
exclusively on resins such as the polyamide epihalohydrin types 
for their wet strength- rather than on small amounts of these 
together with the use of regenerated cellulose from viscose, or 
alternatively of regenerated cellulose from viscose used alone— 
tha^'^pa^ is because «*eh papers ^Ifiiffl^ 

possess inherently less stretch at a given basis weight. And to 
H| compensate for this reduced substrate paper stretch, paper 
basis weight has been reduced to a level of up to 3 0 to 40 
percent lower, which advantage is lost unless the said paper can 
be treated in a manner which engenders less machine or 
longitudinal direction tension during the crucial stages of paper 
impregnation, viscose penetration of the substrate, coagulation 
of the cellulose of the viscose and its attendant regeneration. 
Without the use of the new die arrangement the lighter-weight 
substrates tend to stretch excessively in their machine 
directions, particularly for smaller diameter casings running at 
high line speeds, which has the simultaneous effect of reducing 
their capacity for stretching in their cross directions. 
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To understand the effect this has on casing strength 
one needs to consider the strength parameter of "toughness", 
alternatively referred to as "Tensile Energy Absorption" for 
which internationally recognized standards, such as that put out 
by TAPPI, the Technical Association of the Pulp and Paper 
industry |p^il||^ in the United States of America, under the 
reference: T494 om-81, and cross referenced with other standards 
published elsewhere. Simply put the toughness of a material may 
be defined as the work done when the specimen is stressed to 
rupture, in tension under prescribed conditions, as measured by 
the integral of the tensile stress over the range of tensile 
stretch from zero to maximum strain. It is also clear from a 
study of the stress-strain properties of the substrate paper of 
fibrous casings that whilot yWi^ the paper possesses a higher 
tensile strength in its machine, or length direction, compared to 
its cross direction, the paper may be said to be equally as tough 
in both directions by virtue of possessing more stretch in its 
cross compared to ±%s length direction: that is the areas 

under their respective stress-strain curves are the same. 
Classical mechanics demands twice the strength in the hoop of a 
tube or hose compared to its length direction for good 
performance and a paper substrate possessing minimum sheet 
directionality has been the best approximation so far reached 
with a cellulose-based material, and it is the cross direction 
strength which is crucially important in a casing for subsequent 
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meat stuffing and casing expansion purposes. Anything which 
detracts from maximizing the cross toughness of a casing product, 
or anything which has the effect of reducing the size cxooptiono 
i^l^^iW^ift* from a given die-paper combination must be deemed to 
be counter — productive. ||§|| And oo for 

these reasons the chief objective of the present application has 
been to produce casing products as far as possible similar to 
those in the original specification in terms of their stretch and 
performance properties but using so-called resin (s) - and viscose 
plus resin(s), as opposed to viscose-bonded paper substrates, 
using either dies of the prior art under certain operating 
conditions or the new die arrangements herein described, with 
improved performance. 



Examples will now be presented which describe the tube 
properties sought. Table 1, and Diagram 1, pages 1 8 and 10 
roopootivoly show how the oxccptional caoing elasticity 
properties of VI6K0 LIGHT product o baood on abaca paper 
substrates, wet - strengthened by regenerated cellulose from 
viscose, together with a small amount of a polyamidc 
cpiohlorohydrin rcoin, in the 13,0 to 15, 4 g/m2 basis weight 
range, and possessing paper cross direction wot stretch levels in 



the 0, 6 to 13,2% range, arc essentially reproduced in casings of 
similar overall basis weight but based on abaca paper substrates 
wet - strengthened by resins, without the use of rcgeno - ratod 
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ocllulooo from viooooo, whioh poososs orooo dirootion wet otrotoh 
lcvclo in tho 6 ,7 to 9,2% but of oignif icantly lower substrate 
papor basis wcighto in the 10,2 to 13 g/m2 rango, Elaotioity io 
hero defined as tho capacity of tho easing, aftor ooaking in 
water at 4 0 degree Coloiuo for minutes, to expand from an 
uninflatod condition to one of 25 inflation by 30 kPa air 
prooourc, expressed aa a percentage of the otarting oigo. 
Ccnoral - ly apoaking two aapecto of light - weight casing 
construction arc demonstrated by the data of Table 1, via, that 
for a given oiao of casing, caoing elaotioity follows paper cross 
direction stretch at the same paper basis 30 weight but that 
lower papor cross stretch can be compensated by lower papor basis 
weight to preserve casing elasticity levels when switching from a 
viscose and/or viscose plus resin (s) — bonded to a resin - bonded 
oubotrato, but not without fully taking into account casing 
machine tension effects, etc., as described above. Caoing burst 
strengths for the now products based on rosin - bonded papor 
compare favorably to those based on viscose - bonded paper in terms 
of strength per unit weight of substrate. Data io collected in 
Table 2, page 20, to illustrate this; greater absolute strength 
is obtained for heavier oubotrato papor, but relative to paper 
weight, greater burst coefficients arc obtained for the lighter 
substrates ^ Casing Smoothness properties as determined using tho 
Bendtoon method are shown in Table 3, page 21, for light - weight 
casings produced from viscose plus rosin(s) and rosin (s) - bonded 
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papor oubotratooi* Tho original opooif ioation pointod to 
significant differences between tho Bondtaon smoothnooo 
properties of fibrous oaoingo produced in accordance with tho 
then prior art based on heavy - weight paper oubotratoo of 17 to 23 
g/m2, and tho lightweight viscose - bonded papor substrates of 13 
to 15 g/m2, tho subject of Table 3A. Whilst tho latter ohowed tho 
lighter weight papor substrates gave rise to oaoingo of smoother 
inside surfaces compared to those of the prior art, — the results 
of tho present application show there arc no significant 
differences between viscose — and/or rcsin(s) — bonded paper 
substrates , in the 11,0 to 1 4 ,5 g/m2 interval of paper substrate 
basis weight, — incorporated in casings of 64 ,0 to 7 4 ,7 g/m2. 

TABLE 1 

CASING ELASTICITY PROPERTIES AS A FUNCTION OF CASING SUBSTRATE 
PAPER WEIGHT AND TYPE: VISCOSE PLUS RESIN - VERSUS RESIN (S) -WET 
STRENGTHENED 



Casing size, 
diameter, mm 
/Paper 

Bonding Type 



Substrate 
Paper Basis 
Weight, 
g/m 2 



Paper Wet 
Cross 
Direction 
Stretch, % 



Casing 
Weight 
g/m 2 



Casing 

Elasticity at 
0-30 kPa 
Inflation 



45/Viscose* 
45/Resin(s) 



io,2(1l3,(?5 




50/Viscose* 
50/Resin(s) 




mm 



:>!!!! 

73,0115,3 

mm 
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55/Viscose* 
55/Resin(s) 
55/Resin(s) 


±*r* |§|1 








(77, A / 




60/Viscose* 
60/Resin(s) 




7,8(74^1^ 


73,6([rM?) 


i7r« |||.'p. 


70/Viscose* 
70/Resin(s) 


±4^* 


8,o(^8V^i;^ 


76,aQl0jJ) 




80/Viscose* 
80/Resin(s) 
80/Resin(s) 

{ 


'«*»■!. 

\83, 6/18, bt 


III! / 









♦Viscose here refers to viscose plus a small amount of a polyamide 
epihalogenhydrin resin, which resin can be seen not to affect substrate paper 
cross direction stretch, to an appreciable extent compared to the resin(s) of 
the exclusively resin(s) -bonded substrates, and indeed the higher values are 
typical of predominantly viscose-bonded paper whilst the lower typical of 
paper bonded without viscose • 

TABLE 2 
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CASINO BUR S T S TRENGTH |M#fl®l'** PROPERTIES AS A FUNCTION OF 
CASINO SUBSTRATE PAPER ^tfp^llp TYPE: VISCOSE PLUS RES IN- 
VERSUS RES IN (8) -WET STRENGTHENED. 



casing 
size, 
diameter 
(d)tran 



paper 

base 

weight 

(w) 

g/m 2 



casing 
weight 
g/m 2 



casing 

burst 

strength 

(b) 

kPa 



strength 
quotient 
(SQ) 
b/w 



burst 

coefficient 
SQ ♦ d. pi 
/100* 



45/Viscose* 
45/Resin(s) 



13 j 0 

10,2 (7 4 / 

mm 




-IP C 
r L / J 

lit! 

IIP 

TO Q 

mm 

,111 
MI 

ill 



78 
66 



€t* Iff 



8 1 5 ^i^:^ 

jo 



50/Viscose* 
50/Resin(s) 



11 : . 2: 



77 
79 



9.0 
4±t± 11, '1' 



55/Viscose* 
55/Resin(s) 



13 / 2 

10, 8 (^72^ 




71 
68 




60/Viscose* 
60/Resin(s) 



13 | 4 



70 
57 



57"2 



5:v2 



. : : 0 |*| 

10 j 0 3iQ:*;HS 



70/Viscose* 
70/Resin(s) 



±4t* 

12/ 4 (j 8 7^ 



65 
53 



411 



80/Viscose* 
80/Resin(s) 



4*7-* |;S-i'4 
12,7(7 4 , 6, 

TO* 



54 
52 



4t 



3?* 



■■■'hi 



♦Viscose here refers to viscose plus a small amount of a polyamide 
epihalogenhydrin resin. 
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TABLE 3 



TUBING SMOOTHNESS PROPERTIES OF SUBJECT LIGHT-WEIGHT 
TUBINGS: Viscose* versus Resin bonded Substrate Paper 


PRODUCT 


BENDTSEN SMOOTHNESS, cm3 air /minute 


diam. 
mm 


Paper 

Weight, 

g/m 2 


Tube Wt. 
g/m 2 


Inside 
Surface 


Outside 
Surface 


45 resin(s) 
43 viscose^ 


w^o i : d 
i3,o(72,1P) 




750 
950 


170 
190 


50 resin(s) 
50 viscose* 


13,3^67^^' 

Pit 




725 
900 


155 
220 


55 resin(s) 
55 viscose* 


13, s(74,7Y 

III! 




900 
850 


145 
220 


60 resin(s) 


ia,c(ja > , T) 




900 


125 


80 viscose* 


14,^7^1> * 

mm. 




850 


160 



♦Viscose here refers to viscose plus a small amount of a polyamide 
epihalogenhydrin resin. 
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TABLE 3A 



PRODUCT 


BENDTSEN SMOOTHNESS 


cm3 air /minute 






STEM 


Subject Tubing 




prior Art Tubing 


diameter 
mm 


We iaht 
g/m 2 


Tnside 
Surface 


Outside 
Surface 


Weight 
g/m 2 


Inside 
Surface 


Out s ide 
Surface 


45 


Hfl 


950 


200 

\J\J 


f J / u 


1080 


290 


50 


63, 7 


900 


220 




1400 


320 


55 


7Q Q 

iiii 


850 


220 




1080 


310 


80 


72, 5 

si 


870 


220 


Q6 y 4 


1300 


370 


90 


iii 


970 


200 


1IH 


1100 


310 


105 


73,0 

■i 


850 


160 


Hli 


1375 


330 


120 


7Q f 0 


1025 


180 


r> c o 


1600 


390 



Tho prinoiplo of the Bcndtsan omoothncoo test is to 
measure the amount of air, undor a controlled pressure hoad 
condition, which oan paoo between a precision engineered annular 
ring measuring head placed on the surface whose omoothncoo io to 
be determined, whilst the toot surface itself is placed in 
contact with a smooth support surface 8 such that without a toot 
specimen in place no air io observed to flow, whilst test 
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Burfaooo of ovor rougher charaotoriotioa arc oboorvod to permit " 
the flow of over greater volumes of air. §^^M^M^M&M^^^^^ 

|||||§||p^ 

llfllill^ 

f > 



lIlllllB^ 
HUB! SBlllS^^ 
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Since tho oubjoot mater ialo here aro both of a porouo 
nature, of course a component of the air flow will alvayo paoo 
through the teat opcoimcn and cooapc from under the moaouring 
head from beneath tho ourfaoe of the oide in oontaot with the 
omooth opooimon support, ouch that a lower flow for tho outoido 
surface, obtained above in the oaoo of the subject light - weight 
tubingo, — rofloota also a smoother inaide ourfaoe, — that ia lcoo 
leakage from the underourface, than for the example of the prior 
arte that the latter phenomenon io not related directly to baoio 
weight can be aeon by comparing air flowo at the aame caaing 
baoio weighto, albeit for different aices* 

Thoao and more practical manif cotationo of a tubing poaacaaing 
smoother inaide our face, — auch ao cleaner releaae of the untreated 
cclluloae aurfaoc from meat protcina, attcot to the improved 
oonatruotion of achieved with the oubject light - weight tubingo 

llllil^^ 
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